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The views and opinions expressed in this presentation are 

my own and do not necessarily reflect the views of the 

Federal Energy Regulatory Commission, individual 

Commissioners, or Commission Staff 

 

 Information presented here is from public record or 

extracted from open and freely available sources 



March 1989 Geomagnetic Storm 

Geomagnetic Storm Levels 

HR 668 (2/11) 

NERC/DOE – HILF REPORT (6/10) 

FERC – Technical Conference on GMD (4/12) 

UK Defence Committee EMP Threats (2/12) 

EMP Commission Report (4/08) 

NAS – Severe Space Weather Workshop (3/08) 

FERC – GMD NOPR (10/12) 

HR 5026 (6/10) 

NERC – Interim Report on GMD (2/12) 

NERC – GMDTF (9/10) 

ORNL – Metatech Report (1/10) 

GMD Related Actions 

FERC – GMD Order 779 (5/13) 



1989 North American Impacts 
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Reports Relating Geomagnetic Disturbances to Electric Grid Impacts 



Meadowbrook #4 - 1989 

Salem  #1C - 1989 

James Bay - 1980 

James Bay - 1980 

Salem  #1 A - 1989 

Salem  #2BA - 1989 

Eskom 

Sta 2 Trfr #1 - 2003 

Sta 1 GSU #8 - 1989 
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Sta 2 Trfr #2 - 2003 

Sta  3 Trfr #4 - 2003 

Sta 3 Trfr #6 - 2003 

Sta 3 Trfr #5 - 2003 

Sta  4 Trfr #6 - 2003 

Sta  5 Trfr 2 - 2003 James Bay      2   Canada 

Salem     3    USA 

Meadow Brook    1    USA 

Nat Grid      2    UK 

Transpower      2    New Zealand 

Eskom    14   So Africa 

Halfway Bush T4 – 2001  NZ 

Halfway Bush T4 – 2002  NZ 

Norwich Main - 1989 
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Chronology of Major Incidents 
 

– March 24, 1940 – widespread disturbances, equipment trips, voltage swings 
– September 22, 1957 – numerous disturbances 
– February 11, 1958 – Toronto blackout, numerous other disturbances 
– August 4, 1972 – numerous effects 
– October 1980 – 500 kV line trip 
– April 1981 – 500 kV line trip 
– July 31, 1982 – four transformers and 15 lines tripped 
– February 7-8, 1986 – numerous effects 
– March 13-14, 1989 – Hydro-Quebec blackout, widespread problems, transformer damage 
– September 1989 – voltage problems and relay misoperation 
– March 24, 1991 – nine line trips, transformer trip, Quebec-New England line trip 
– October 28, 1991 – line trip Quebec to New England 
– April 3, 1994 – Transformer failures 
– May 2, 1998 – widespread effects  
– July 22, 1998 – effects in Northeastern U.S. 
– April 6-7, 2000 – numerous problems on Hydro-Quebec and Bonneville 
– July 15, 2000 – multiple equipment trip incidents in Northeast U.S. 
– November 6, 2001 – New Zealand transformer loss 
– October 2003 – Malmo blackout, Transformer damage in South Africa, preventive actions taken in the 

U.S. appear to circumvent major problems 

 
NOAA Space Weather Prediction Center 



GMD Technical Conference 

 

• Space weather events more severe that we have experienced in modern 
times have occurred in the past and are likely to occur again 

 

• Large power transformers are unique in their design and you can not make 
blanket judgments as to whether a particular type or group of transformers 
will or will not be damaged.  

 

• While there is agreement that reactive power requirements will influence 
system stability, we do not know at exactly what level it will cause the 
system to collapse 

 

• In the end, it is indeterminable if transformer damage, system collapse or 
both will be the most likely consequence of a GMD event; we simply lack 
the information to draw either conclusion.  

 

• Neither system collapse nor extensive transformer failure is an acceptable 
result of a GMD event when we have the capability to act to prevent it 



Notice of Proposed Rulemaking 
Reliability Standards for Geomagnetic Disturbances 



Final Rule  - Order 779 
Reliability Standards for Geomagnetic Disturbances 



Final Rule – Order No. 779 

Reliability Standards for Geomagnetic Disturbances 

Federal Register/Vol. 78, No. 100 

Commission directs the North American 

Electric Reliability Corporation to submit for  

approval Reliability Standards that address 

the risks posed by geomagnetic disturbances 

to the Bulk Power System 

Goal is to protect against instability, uncontrolled 

separation, or cascading failures of the Bulk-Power 

System caused by damage to equipment or 

otherwise. 



Final Rule – Order No. 779 

Reliability Standards for Geomagnetic Disturbances 

Federal Register/Vol. 78, No. 100 

Second stage requires owners and operators to 

conduct assessments and develop and implement 

plans to protect against instability, uncontrolled 

separations and cascading failures. 

Directive to be implemented in two stages 

First stage requires development and 

implementation of operating procedures to mitigate 

the effects of GMD 



Stage One 

Directs NERC to submit a Reliability Standard 

within six months 

 

Coordinate the operational procedures across the 

regions 

 

Consider operational procedures for restoring GMD 

impacted areas accounting for equipment that could 

be damaged and out of service 

Complete and implement the operational plan 

within six months after approval of the standard 

 

Federal Register/Vol. 78, No. 100 

Require owners and operators  to develop and 

implement operational procedures to mitigate the 

effects of GMD 



Stage Two 

Federal Register/Vol. 78, No. 100 

Directs NERC to  submit a Reliability Standard 

within 18 months 

 

Requires owners and operators to conduct initial 

and on-going vulnerability assessments  of the 

impact of a “benchmark” GMD event 

Vulnerabilities assessments are to be consistent 

with five parameters 

• Contain uniform evaluation criteria 

• Evaluate primary and secondary effects 

including GIC originating from and passing to 

other regions 

• Evaluate effects on other BPS equipment 

• Conducted on wide area or regional basis 

• Updated periodically 

 

Part 1 



Stage Two 

Federal Register/Vol. 78, No. 100 

Directs NERC to  submit a Reliability Standard 

within 18 months 

 

Requires owners and operators develop and 

implement a plan to protect against instability, 

uncontrolled separation or cascading failures 

Cannot limit the plans to operational procedures or 

enhanced training … but must contain strategies for 

protection against and benchmark GMD event 

Part 2 



Stage Two 

Federal Register/Vol. 78, No. 100 

Directs NERC to  submit a Reliability Standard 

within 18 months 

 

Requires owners and operators develop and 

implement a plan to protect against instability, 

uncontrolled separation or cascading failures 

The order directs NERC to propose and 

implementation plan containing a multi-phased 

approach that requires prioritizes implementation 

so that components considered vital to the 

operation of the BPS are protected first. 

Cannot limit the plans to operational procedures or 

enhanced training … but must contain strategies for 

protection against and benchmark GMD event 

Part 2 



SUMMARY 

 

The GMD Order has a two stage approach: 

 
– First stage – an interim step consisting of operating procedures that can 

afford some degree of protection 

 

– Second stage – system wide assessment and the development and 
implementation of a plan that protects against instability, uncontrolled 
separation or cascading failures as a result of a “benchmark” GMD event. 

 
Stage one standards to be submitted by January 22, 2014 

Stage two standards to be submitted by due January 22, 2015 

 
  

       

          
      




